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THE EFFECT OF EMBEDDED QUESTIONS ON READERS' 2
CALIBRATION OF TEST READINESS

Abstract

Perceptions of comprehension and cogritive readiness are salieit features of
academic reading and studying and the principal determinants of the learning strategies
readers employ and cognitive resources they expend. Undetected cognitive failure during
reading 1s a problem well-documented with young readers, and researchers have recently
established that even adult, skilled readers are often not proficient at monitoring their
cognition. This experiment examined whether questions embedded in expository text could
improve the comrespondence between acult readers' subjective assessments of test readiness
and their objective test performance (prediction calibration). In order to minimize the
confounding effects of prior knowledge, subjects were asked to read a text based on a
make-believe solar system. This experiment was prepared as a two-factor design,
embedded questions (yes/no) and texi reinspection (yes/no). Because subjects were not
cued to process the questions in any fashion, effects discovered were learner-produced
rather than investigator-induced. The purpose of the lookback factor was to separate the
effects of embedded questions on perceptions of cognitive readiness when combined with
re-study decisions from the effects of embedded questions when re-study was prohibited.
Subjects were 168 college undergraduates. Embedded questions had the effect of bringing
subjective beliefs regarding test readiness in better calibration with objective test
preparedness and may thus be used to change the passive and dysfunctional relationship

many readers have with the text.

D)
J




Calibration
3

Srbmitted
THE EFFECT OF EMBEDDED QUESTIONS ON READERS'
CALIBRATIOM OF TEST READINESS

Reading expository prose is one of the primary mechanisms through which
students acquire knowledge in academic settings, with the principal motivation usually

being to prepare for a test. Students read and study the text until they believe they have

learned the material. When these judgments of test readiness are correlated with actual
performance, the learner is said to be calibrated (see Glenberg, Sanocki, Epstein, &
Morris, 1987; Lichtenstein, Fischoff, & Phillips, 1982).

Perceptions of comprehension and cognitive readiness are important features of
academic reading and studying and the principal determinants of the learning strategies
readers employ and the cognitive resources they expend. For example, if, during the
course of reading, readers detect that their comprehension has failed, they are likely to
engage in some form of remedial behavior. If comprehension failure goes undetected, the
reader will not engage in strategic behavior and may stop reading before the material has
been learned. Students who do not detect cognitive failure during reading are likely to do
poorly on initial tests and progressively worse as the text and test incorporate earlier
concepts.

Researchers have documented that undetected cognitive failure is a problem
common to younger, less experienced readers (Baker & Brown, 19844, 1984b; Brown,
Armbruster, & Baker, 1986; Wagoner, 1583), but college students often perform poorly
on examinations for which they feel adequately prepared. Although there are explanations
for this beyond undetected cognitive failure, experimental findings suggest that college

students often do not detect comprehension failure during reading relative to a given task
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(Epstein, Glenberg, & Bradley, 1984; Glenberg & Epstein, 1987; Glenberg, Wilkinson, &

Epstein, 1982; Maki & Berry, 1984; Pressley, Snyder, Levin, Murray, & Ghatala, 1987).

In most studies, readers are either asked to make predictions of performance before
taking an examination (pmdm_c_ahb_tamm) or estimate performance at various points
during the test itself (postdiction calibration). In the first instance, correlations between
predictions and actual performance have been near zero (Glenberg & Epstein, 1985).
Correlations between postdiction judgments and actual performance, however, have been
much larger (Metcalfe, 1986). Some researchers have suggested that the test provides
feedback that readers use to make more accurate judgments (Glenberg, et al., 1985, 1987;
Pressley et al., 1987; Walczyk & Hall, 1989). Judgments before testing should be the
focus of research, for only they influence decisions to use different study strategies and/or
expend greater effort. This experiment explored instructional interventions to assist readers
during reading, with the goal of bringing subjective judgments of test readiness in closer
correspondence with an objective assessment of test performance.

In previous research, the challenge has been to externalize these complex mental
events so they can be studied. Researchers (Baker & Brown, 1984a) have attempted to
understand these mechanisms by trying to make a connection between what readers can
declare about the workings of their memory with subsequent memory performance.
Results using this approach have been disappointing. The central theoretical argument
forwarded in this study is that this tactic is inappropriate for studying perceptions of
cognitive readiness; readers may not be able to give accurate accounts of their memory
processes because many of the cognitive events associated with memory monitoring reside
within the executive processes. They are mental events not always available to conscious
awareness and, therefore, not easily reportable. For these reasons, readers were asked to
make comparative decisions about their perceptions of test readiness. This tactic captures

the internal workings of metacognitive knowledge and executive processes while avoiding
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the problems associated with other approaches--decisions regarding cognitive readiness

reflect, in-part, a reader’s declarative knowledge concerning readiness, but the procedure is
not dependent upon the reader’'s ability to report on this knowledge while stll capturing the

outcomes of executive decision making.

The Role of Embedded Questions in T

Questions embedded in text have been found effective in the learning of prose
materials (Andre, 1987) and may affect cognitive monitoring by altering readers'
perceptions of a reading task. Pressley et al. (1987) tested the effect of embedded
questions on perceptions of cognitive readiness and found that embedded questions made
estimates of prediction calibration statistically more accurate.

Researchers suggest that embedded questions improve assessments of test
readiness in a number of ways. For example, the cognitive processes used to answer test
questions may provide feedback that learners use to make more accurate judgments of their
cognitive readiness (Glenberg, et al., 1987). Embedded questions may cause readers to
evaluate their comprehension where they may not have done so on their own. If they
cannot answer the embedded questions, they may readjust their learning strategies.
Embedded questions may also serve as a benchmark by informing readers of the semantic
level to which they should direct their reading. Although isolating and testing these effects
can be difficult, each shares the outcome of altering readers’ perceptions, a variable more
easily measured. Researchers have manipulated task characteristics or orientating
instructions and altered readers' ratings of perceived comprehension (Pratt, Liszcz,
MacKenzie-Keating, & Manning, 1982; Shaughnessy, 1981) as well as their reported
sense of cognitive readiness (Brown, Bransford, Ferrarz, & Campione, 1982).

Our purpose was to investigate the effect of embedded questions on perceptions of

cognitive readiness as well as on a number of other perceptions. When this question was
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tested previously (Pressley et al., 1987), readers were given explicit instructions to answer

the embedded questions. Most reading settings, however, are leamer controlled and
subject to the nuances of reader decision makiné. What has yet to be determined are the
effects of embedded questions on calibration of comprehension when readers are not
explicitly cued. The purpose of this experiment was to determine whether questions
embedded in expository text improve the correspondence between adult readers' subjective
assessments of test readiness and their objective test performance (prediction calibration).
Method
Subjects and Material

Participants were recruited from the college of education of a large, public
university in the South. Participation was voluntary and the final sample consisted of 168
students. Bias stemming from recruiting subjects from different classes under different
incentive conditions was minimized through random assignment to experimental
conditions. The experiment was conducted in a quiet, well-lit office in the College of
Education. One of the authors, who was blind to group membership, supervised every
session.

The experimental task for all groups was to read and study a text called Xenograde
Science (Merrill, 1965), which was administered through an Apple Macintosh computer
using the HyperTalkiprogmmming language. Although the experimental situation
consisted of students reading text from a computer screen and recording their responses
with a computer keyboard, no computer literacy was required and typing skills were
reduced to depressing two keys on the keyboard. Xenograde Science (Merrill, 1565)
describes the physics of a make-believe solar system. A contrived task was used for two
reasons: (a) to minimize the effects of domain specific prior knowledge and (b) because
novel material has been reported to produce more conscious, analytical processing than

material more familiar to subjects (Hare & Smith, 1982).
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The Xenograde task consisted of 20 frames of text totalling approximately 1700

words. There were 19 diagrams and 2 tables. In the two embedded questions conditions,
after every fifth frame of text a frame containing the embedded questions was included.
There were 18 distinct questions in these five frames, adding approximately 280 words to
the task. The first embedded questions asked about the nomenclature of the Xenograde
solar system; other questions asked readers to make predictions based on principles they
should have learned as part of their reading. The text was presented one page at a time on
the computer screen, and readers controlled page turning by pressing designated keys on
the keyboard. A criterion test consisting of 17 multiple-choice questions was administered.
All questions required subjects to apply the principles they had learned while reading the
material.

Procedures

Subjects were first read a common script introducing them to the task and
experimental objectives. They then picked a unique identification number from a box.
Their attention was then directed to the first frame of the computerized extbook and they
were instructed to proceed. On the seventh page of these instructions, subjects entered
their identification number into the computer and were routed to the appropriate
experimental condition.

After 23 minutes, or when participants had determined they had studied the material
adequately (whatever condition (?cL:guned first), the computer routed them to the
questionnaire that measured the@@endent variables. Subjects responded to the questions
as they were presented, and their»answers were recorded on a remote text file in the
computer. After finishing the questionnaire, the computer routed them to the Xenograde
test.

The decision to limit the amount of time subjects could read and study the text was

motivated by the fact that traditional educational settings usually operate under the same
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constraint--time allocated to learn a given quantity of material is limited (Chronbach &

Snow, 1977).

By asking readers to make decisions about the need to reread, Pressley et al. (1987)
created a measure based on the "perceived readiness for examination performance,” (p.
222). or PREP, which they operationalized by asking readers to provide judgments of their
perceived need to reread (would need to/would not need to) if criteria for passing the
examination were 20, 40, 60, or 80%. Readers also indicated how confident they were in
their decisions on a 5-point Likert scale from 1 (low confidence) to 5 (high confidence) to
each of the 4 probes. For example, consider a hypothetical reader who scored 70% on the

criterion examination and responded to the 4 probes as shown in Figure 1.

Insert Figure 1 about here

The PREP score for this reader would be the sum of (§%, +2, -2, +4), or 9. Using this
procedure, PREP scores can range from between -20 and +20. Correspondence between
these judgme-..s and subsequent test performance forms the basis for a calibration score
based directly on the perceived need for strategic remedial behavior. This experiment used
the same PREP measure but altered many of the experimental conditions to determine if
these findings would hold under conditions more similar to the academic reading situations
normally encountered by adult leamners.

| Subjects were also asked to predict the score they would obtain on the test after
studying the Xenograde text. This subjective assessment of cognitive readiness was
compared to subsequent test performance. In this study, the discordance between the;
predicted and subsequent objective scores has been operationalized as prediction inaccuracy

(PI) and is calculated by taking the difference between these two scores. Results from the
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PREP instrument, Pl measures, and the confidence scores readers assigned to their test

responses served to determine if embedded questions improve calibration.

The research hypotheses were grouped into three conceptually distinct experimental
units corresponding to the three dependent variables under investigation (PREP, PI,
Criterion Test Performance). Each test of main effects was proceeded by an examination of
the interaction hypothesis. If there was an interaction between the two factors (embedded
questions and lookback), pairwise comparisons of cell means were conducted. If no
interactions were found, a two-way analysis of variance (ANOVA) was conducted to test
for main effe cts. The interaction parameter was tested in each model. The familywise error
rate was controlied within this conceptual unit. Because effects were expected in each of
the hypotheses outlined, a directional altemative was used in tests of significance.

The Xenograde experiment consisted of less than 23 minutes of reading wherein
these perceptions could materialize. In addition, it is unlikely that the subjects had any
interest in either leamning the experimental materials or doing well on the examination. If
facilitating effects of embedded questions could be discovered under these conditions, we
would expect that similar or more robust effects might be found in more typical, high-
stakes academic reading situations. The following research hypotheses were tested:

1. The mean PREP score for the embedded question groups will be significantly
larger than the mean PREP score for the no-embedded question groups.

2. The mean PREP score for the lookback groups will be significantly larger than
the mean PREP score for the lookback groups.

3. The mean PI score for the embedded question groups will be significantly

smaller than the mean PI score for the no-embedded question groups.




Calibration
10

4. The mean PI score for the lookback groups will be significantly smaller than the
mean Pl score for the lookback groups.

5. The mean criterion test score for the embedded question groups will be
significantly larger than the mean criterion test score for the no-embedded question groups.

6. The mean criterion test score for the lookback groups will be significantly larger
than the mean criterion test score for the lookback groups.

In the PREP probe readers are asked to make both categorical judgments (yes/no
rereading is necessary) and confidence decisions (their confidence that their categorical
decision was correct). When, as in this experiment, calibration is defined as the correlation
between subjective judgments of performance and actual performance, then calibration is
most appropriately a measure of the correspondence between the categorical decisions and
objective performance; confidence judgments are an auxiliary consideration.

As part of the supplementary analysis, a dependent measure of calibration was
created using only the categorical portion of the variable, and results from this measure
were compared with results from the two hypotheses using the PREP measure. The
influence of these two sources of variance (calibration and confidence) could then be
evaluated independently. As a predictor of calibration, it was anticipated that categorical
decisions alone would be as accurate as categorical decisions and confidence estimates
combined.

Design

The experiment was prepared as a two-factor design consisting of embedded
questions and text reinspection. The purpose of the lookback factor was to separate the
effects of embedded questions on perceptions of cognitive readiness when combined with
re-study decisions from the effects of embedded questions when re-study was prohibited.
The factors were crossed, producing four experimental conditions--embedded questions

with lookbacks allowed (EQLB), embedded questions with no-lookbacks (EQLB), no-
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embedded questions with lookbacks allowed (NEQLB), and no embedded questions with

no-lookbacks (NEQNLB). Each factor was between subjects.

Results

The primary question of interest in this experiment was whether embedded
questions would improve prediction measures of calibration. The perceived need for
strategic remedial behavior was measured using the PREP instrument, which, when
compared with objective performance, formulates the dependent variable in the first two
research hypotheses. Although there was some difference between embedded question
conditions as a function of the lookback option, this two-way interaction was not
significant, £(1.164) = .04, p > .05. Because there were no significant interactions in any
of the hypotheses tested, only tests of main effects are appropriate. The variance of the
errors of all values of the predictor variable for each of the three dependent variables
(PREP, PI, criterion test) appears constant. For this reason, analysis of variance
(ANOVA) was used instead of a Brown-Forsythe ANOVA in each test of main effects.

For hypothesis 1, the mean PREP score was significantly greater for the EQ groups
(9.25) than for the NEQ groups (6.25), a mean difference of 3.00, E(1,164) = 12.3, p <
.05. For hypothesis 2, there was no significant difference between the mean PREP score
for the LB groups (7.56) and the NLB groups (7.94), a mean difference of .38, F(1,164)
=.20, p > .05.

Insert Table 1 about here

}
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Two-way ANOVA was used in hypotheses 3 and 4, where the dependent variable

was prediction inaccuracy score (PI). For hypothesis 3, the mean PI score was
significantly smaller, and hence more accurate, for the EQ groups (-17.87) than for the
NEQ groups (-26.48), a mean difference of 8.61, F(1,164) = 7.70, p. < .0S. For
hypothesis 4, there was no significant difference between the mean PI score for the LB
groups (-21.63) and the the NLB groups (-22.72), a mean difference of 1.10, F(1,164) =
712, p > .05,

Insert Table 2 about here

The purpose of the last two hypotheses was to test the impact of embedded
questions on criterion examination. For hypothesis 5, the mean test score was significantly
greater for the EQ groups (51.28) than for the NEQ groups (44.54), a mean difference of
6.75, E(1,164) = 5.22, p < .05. For hypothesis 2, there was no significant difference
between the mean test score for the LB groups (50.35) and the NLB groups (45.47), a
mean difference of 4.88, E(1,164) = 2.73, p > .05. Kuder Richardson 20 was used to
calculate reliability for this 17-item test (r = .56). Item difficulties ranged from relatively
easy (84% correct) to relatively difficult (23% correct), and the average item difficulty was

48% correct with a standard deviation of .18.

Insert Table 3 about here

Subjective beliefs and judgments regarding cognitive readiness were more accurate,
better calibrated, for subjects who encountered embedded questions than for those who did
not. A main effect for embedded questions was found with both the PI and PREP

measures of prediction calibration. In addition, subjects who encountered embedded
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questions had higher test scores on the criterion examination than those who did not. No
main effects were associated with the look back factor for the three dependent measures.
Predicted Correct. The PI variable, as a measure of prediction calibration, was derived by
taking the difference between the scores readers predicted they would receive on the

criterion test (subjective judgements) and the scores they obtained (objective measures).

Insert Table 4 about here

One feature immediately discernable when comparing subjective judgments (Table
4) and objective performance (Table 3) is the is the overconfidence displayed by all groups,
who, on average, overestimated how well they would do on the criterion examination by
22%, a clear example of poor calibration. Not all subjects overestimated how well they
would do on the examination however; whereas 18 subjects in the EQ conditions scored
better on the examination than they had predicted, only 7 subjects in the NEQ conditions
made such underestimations.

Two measures of prediction calibration were used in this study (PI and PREP).
The first instruction subjects received after reading the text was to estimate the score they
would obtain on the examination (PI). Immediately after responding, they were asked
about their perceived need to reread at the 20, 40, 60, and 80% criterion level (PREP).
Although encountering embedded questions produced significant main effects with both
measures, the effects were stronger when PREP was the independent variable (d = .57)
than when it was PI (d = .43). A standardized mean difference, d, was used to compare
effect sizes because thé?tand\ard deviations between the two variables differed greatly and a
natural common scale is interpretablé=for the PI measure but not for the PREP measure

(Green & Hall, 1984).
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Decisions associated with the PREP variable were generally more conservative

than, and often in contradiction with, decisions made in conjunction with the PI measure.
For example, 49 subjects predicted test scores of 81% or higher, but when asked on the
PREP measure if they thought they would need to reread to obtain a score of 80%, 16 of
the 49 subjects said they would. At the 60% criterion level, 124 subjects predicted test
scores of 61% or higher, but when asked on the PREP measure if they thought they would
need to reread to obtain a score of 60%, 32 of the 124 subjects indicated that they would.
In the same direction, 28 subjects contradicted themselves at the 40% probe and 17 at the
20% probe. Because poor calibration is generally the result of overconfidence, the more
conservative decisions associated with the PREP measure are the likely source of larger
effects.

Reasons why more conservative decisions were made in connection with the PREP
measure are speculative, of course. Although PI and PREP are conceptually affiliated,
psychologically they ask subjects to make somewhat different decisions; in the PI probe
subjects were asked to make a subjective estimate of what they thought they could do on
the test, whereas the PREP probes asked them to estimate whether strategic behavior
(rereading) would be necessary to make sure they could reach four specific criterion levels.
The subjective estimates made in association with the PI measure, although reflecting here-
and-now perceptions of cognitive readiness, were probably also affected by the reader's
past performance--"I am the type of person who generally scores __% on examinations."
According to MacKenzie (1989), learners' best estimate of performance, in the absence of
other stronger cues, will be their mean past performance.

The probes associated with PREP and PI obviously tapped different sources of
subjective feelings, and this distinction served to mitigate the empirical relationship between
the two variables. The correlation between the two variables was statistically significant

and in the predicted direction; however, the strength of the relationship was modest
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(r = .38). The possible explanation that PREP is both a measure of caiibration and

confidence, whereas Pl is a measure of calibration only, is insupportable, however, given
that the correlation between PI and t{x\e calibration portion of PREP alone was r = .33.

As mentioned earlier, an analy}lgg was undertaken of the categorical decisions
associated with PREP alone. In the PREP measure, readers were asked if they would need
to reread if the criteria for passing the examination were 20, 40, 60, and 80%. Four correct

desisions are possible.

Insert Table 5 about here

By comparing Table 1, where PREP was analyzed using both the calibration and
confidence components of its measure, with Table 5, where the calibration (categorical)
decisions are considered alone, it is possible to discern that main effects for the embedded
question conditions are nearly identical regardless of approach. Standardized main effects
for the embedded questions conditions in the two component method was d = .57; with
calibration decisions considered alone, the effect size was d =.50. In this experiment,
embedded questions improved accuracy of decision making but had little impact on how
readers use the confidence scale. Moreover, differences in effect sizes between the PI and
PREP variable had little to do with the confidence component of the PREP measure.
Strategic Processing Variables. Data were also collected on variables not part of the formal
research hypotheses: The amount of time subjects took to take the Xenograde examination,
the amount of time they spent reading the text, and the number of times readers turned the
pages backwards in the two lookback conditions. On average, subjects spent 17.10
minutes completing the 17 items in the Xenograde examination, with a standard deviation

of 5.26 minutes. No interaction or main effects were present.
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In comparison, subjects spent an average of 15.22 minutes reading and studying

the Xenograde text. Spending less time preparing for an examination than actually taking it
is probably indicative of both the amount of interest subjects had in learning the
experimental materials and overall poor calibration of test readiness. The two-way

interaction between embedded question conditions as a function of the lookback option was

not significant, but reading times were significantly different in bo@mbedded questions

and lookback tests of main effects.

Insert Table 6 about here

The two EQ groups were engaged in reading the Xenograde material an average of
4.04 minutes, or 31%, longer than the two NEQ conditions. However, the embedded
questions added 280 words to the 1700 word Xenograde text, a 16% increase in the
amount of text to be read. Because the EQ groups spent 31% more time reading 16% more
text, embedded questions probably altered reader perceptions regarding the minimum
amount of cognitive effort needed to comprehend the Xenograde material.

Readers permitted to look back averaged 1.21 more minutes reading than the NLB
groups, and as reported in Table 6, this difference was statistically significant. When
pairwise tests were conducted comparing the EQLB group with the EQNLB group
(F (1,82) = 6.86, p < .05) and the NEQLB group with the NEQNLB group (F (1,82) =
.25, p > .05) it was possible to discern that the source of this main effect was with the first
comparison. That is to say, having the option to look back changed the amount of time on
task only when embedded questions were present. Apparently, embedded questions
changed reader perceptions of the minimum amount of cognitive effort needed to
understand the experimental material. And, when given the opportunity to remediate their

understanding through the lookback option, they did.
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The central question of this study was whether embedded questions could bring
subjective judgments of test readiness in closer correspondence with objective assessment
of test performance--prediction calibration. As hypothesized, embedded questions
improved prediction calibration judgments of calibration. These effects were discovered
with two different, but conceptually related, measures (PI and PREP). With the PI
measure, readers who encountered embedded questions gave more accurate evaluations of
how well they would do on the criterion test. With the PREP measure, readers who
encountered embedded questions had more accurate perceptions regarding how much
strategic behavior (rereading) would be necessary to reach four different levels of
performance. The source of ihe EQ main effects on PREP were found with the categorical
decisions and not with the confidence portion of the measure. In addition, readers who
encountered the embedded questions performed significantly better on the criterion
examination than those who did not encounter the questions.

Although readers in the NEQLB group used the lookback option, they did not
spend any more time on task than the NEQNLB group. The EQ groups spent 31% more
time reading 16% more text when compared with the NEQ groups. Clearly, embedded
questions helped readers realize that greater effort was required. Moreover, readers who
both encountered embedded questions and were given the option to remediate their
understanding through the iookback option did lookback and ultimately spent more time
engaged in studying the experimental materials. Given that research findings consistently
show that readers generally overestimate their sense of preparedness, these findings are
noteworthy and encouraging.

Our results are especially meaningful in the face of Maki and Serra's (1992)
findings that practice tests similar or identical to criterion tests did not improve readers'

prediction accuracy. Two reasons appear plausible. First, embedded questions engage the
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reader during the task of recding and are directly related to the text itself, whereas practice

tests are taken after the fact and may be perceived by the reader as either a reliable or
unreliable guide to the final criterion measure. Embedded questions are written such that
their relevance is clearly evident; practice tests require interpretations as to their ultimate
relevance. Second, Maki and Serra utilized multiple choice questions, whereas Davey
(1987), Ghatala et al. (1989), and Pressley et al. (1990) found that practice tests consisting
of short answer questions produced stronger levels of calibration than tests consisting of
multiple choice questions. The embedded quzstions used in our experiment, and the type
we suggest for inclusion in text, required only short answers.

Generalizing from this study to nonexperimental conditions seems warranted for
two reasons. First, subjects were not cued to the presence of embeddcd questions nor
were they asked to answer them. Because reading for remembering is a learner-controlled
process, and because the effects of embedded questions ultimately depends on what the
reader does with them, we sought to determine if embedded questions could induce a
spontaneous, leamner-produced versus investigator-induced effect. This design feature
makes the study particularly unique and also allows for the greatest degree of
generalizability to nonexperimental settings. Second, the facilitating effects of embedded
questions were found in an experiment of very short duration, with subjects whose only
motivation was probably to get through the experiment. It is reasonable to speculate that
the effects of embedded questions may be more robust under conditions more similar to the
types of academic reading, testing, and incentive situations experienced by adults.

The evidence is compelling that many readers get through academic courses without
acquiring a clear understanding of the most fundamental aspects of the material the text is
intended to communicate. The most serious problem is not so much readers' inherent

inability to read, but rather their interaction with the text. Embedded questions have a rich
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history of assisting learners in acquiring concepts and principles from prose passages.

What our findings suggest is that embedded questions can be used to change the
dysfunctional interaction many readers have with the text. Well thought out embedded
questions have the potential to challenge readers’ understanding of what they are reading
while they are engaged in the process of reading. This is in ﬁmrked contrast to current
practices where the readers' first test of their understanding is at the time of formal testing.
Readers of all ages have a.fepcnoirc of strategies they can employ to remediate their
understanding. However, they have no reason to use them if they do not understand that
not under.

Our research findings support the conclusion that embedded questions have the
effect of bringing cubjective beliefs regarding test readiness in better calibration with
objective test preparedness. Being well calibrated has powerful advantages; however,
meaningful learning is cumulative, and the ability to learn new material is highly dependent
upon prior knowledge. For this reason, small differences in cognitive monitoring ability
may account for large differences in academic performance if considered over the course of
several school years. Regardless of the causes of poor cognitive monitoring, the
consequences are the same: poorly calibrated students will be the least likely to engage
themselves when the academic situation demands it most. After a short duration, the
differences between good and poor calibrators will expand, and those with poor cognitive
monitoring skills will also have an impoverished prior knowledge upon which to learn new
material. In this experiment, embedded questions positively altered reader perceptions of
cognitive readiness in a reading setting that lasted less than a half hour. When considering
their effects over a longer duration, embedded questions can serve to mitigate the
cumulative harm that results from poor cognitive monitoring.

If calibration plays an important role in the process of reading and understanding, it

is logically imperative that classroom teachers teach for calibration. Readers must be taught
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to self-question and self-cue to bring forth information relevant to metacognitive control.
Embedded questions can be though of a as a prompt v\//hcreby st. dents ask themselves
questions as a test of their understanding of the text. If used often enough, and under
conditions were there is a legitimate connection between successfully answering the
embedded questions and doing well on the criterion test, they will help students internalize
self questioning and take more control of their own leamning,.

After noting how subjects interacted with the material in this experiment, we believe
that cognitive tempo may be an individual difference informative to future research. Some
readers may be poorly calibrated because they lack deliberateness in testing their
understanding (Kagan & Koran, 1970); others might be more accurately described as
defensive and anxious and chcose to escape the stressful act of evaluating their
understanding by making quick decisions about their state of cognitive readiness (Wapner
& Conner, 1986). With a longer investigation, measures of individual differences could be
tested, as could the relationship between aptitudes and performance at different stages of
learning. Ultimately, techniques and measures of on-line cognitive processing are
required--cognitive measures taken at the moment of learning.

In this experiment embedded questions positively altered perceptions of cognitive
readiness and had the effect of making readers better calibrated. The logical next step is to
determine how these effects are produced. Embedded questions may provide feedback that
readers can use to make adjustments in their judgments of cognitive readiness. They may
also act as a prosthetic device, triggering readers to evaluate their comprehension where
they may not have done so on their own. However, the important point is that success in
isolating any of these cognitive processes will depend on more powerful research designs,
~ more sensitive measures, and data collection taken from real-world academic settings.
Semester-length research would allow for both more stable measurements and more

powerful within-group designs.
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Figure 1 24
Reader Decision
Would/would not Correct Confidence How
Probe need to reread Decision Score Scored
20% Would not Yes 5 +5
40% Would not Yes 2 +2
60% Would No 2 -2
80% Would Yes 4 +4
20
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Table 1.
I xperi
Group N M SD
EQLB 42 9.14 4.42
EQNL3 42 9.36 5.38
NEQLB 42 5.98 6.52
NEQNLB 42 6.52 5.67
-W N P E up
Source df 55 ms E
EQ (A) ] 378.00 378.00 12.29*
LB (B) 1 6.10 6.10 .66
AB 1 L17 1.17 .85
Error 164 5044.24
*p <.05.

~No
]
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Table 2.
Mean P1 Score by Experimental Condition
Group N M SD
EQLB 42 -17.91 18.46
EQNLB 42 | -17.84 21.89
NEQLB 42 -25.35 22.64
NEQNLB 42 -27.61 16.85
Two-way ANOVA for sby E
Source df 38 ms E
EQ (A) 1 3110.62 3110.62 7.70*
LB (B) 1 50.71 50.71 72
AB 1 S7.05 57.05 g1
Error 164 66273.20 404.11
*p < .05.

~No
-1
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Mean Examination Scares by Experimental Conditi

Group N M SD
EQLB 4 54.91 20.58
EQNLB 42 47.66 18.31
NEQLB 42 45.80 1 20.46
NEQNLB 42 43.27 17.04

Two-way ANOVA for Examination Scores by Experimental Group

Source df S8 ms E
EQ (A) 1 1912.95 1912.95 5.22%
LB (B) 1 1002.06 1002.06 .10
AB 1 233.59 233.59 .64
Error 164 60163.49

*p <.05.

20




Table 4.

Mean Predicted Scores by Experimental Condition

Group N M SD

EQLB 42 72.81 19.41

EQNLB 42 65.5 21.08

NEQLB 42 71.14 19.12

NEQNLB 42 70.88 15.83
r) r
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Table S.
f EP

Group N M SP
EQLB 42 3.14 .61
EQNLB 42 3.17 82
NEQLB 42 2.74 83
NEQNLB 42 2.79 .84

Two-way ANOVA for Number of Correct PREP Decisions by
Experimental Condition

Source df S8 ms E
EQ (A) 1 6.48 6.48 10.61*
LB (B) 1 .05 .05 .09
AB 1 .01 .01 .01
Error 164 100.17

*p <.05.
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Table 6.

A Mi Reading the Text by Experi | Condition

Group N M SD

EQLB 42 18.26 3.46

EQNLB 42 16.24 3.62

NEQLB 42 13.41 4.16

NEQNLB 42 13.02 2.73

Two-way ANOVA fo; Average Minutes Reading the Text

by Experimental Condition

Source gf 88 ms E
EQ (A) I 684.05 684.05 54.97*
LB (B) 1 60.72 60.72 4.88%
AB 1 28.34 28.34 2.28
Error 164 2040.83

*p < .05.
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